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1- Chenopodiaceae

2- Hydrogen peroxide

3- Malondialdehyde
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Table 3. Comparison of the mean of irrigation levels in terms of studied traits
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Table 4. Comparison of the mean of sugar beet genotypes in terms of study traits of optimal irrigation levels and
water deficit stress
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Table 5. The correlation coefficient between studied traits of sugar beet genotypes of optimal irrigation level
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Table 6. The correlation coefficient between studied traits of sugar beet genotypes under water deficit stress

Joloee slanid A5959,8 b Jbs ) 3 Jibo)lS o seSly it a8l ogle
) 2501 g5 gl
) “IAY 21y osen
3 Ay WY O
—loy" -IYvo —]o5Y a b ls
3 Ay —/+34 500 iiad b o S
\ MY <JaN- AL N RS ASgg,lS
3 JEAYT ey N -y ALY -/ Jobre sloid

Lblge Moy Y 9 0 Jlaisl mdaw )d ()5 gire a4y g



Syt dmallius g 015 60l duras (285 Dge0re ¢ soul Mo
YYO VFoo ):.:L AR a)L»i} /,‘,m)w JLu /L;cl))’ OL&:L; C)Lol AAL.«.A”J

&l

1. Afshar Mohamadian, M., M. Omidipour and F. Jamal Omidi. 2018. Effect of different drought stress
levels on chlorophyll fluorescence indices of two bean cultivars. Journal of Plant Research (Iranian
Journal of Biology), 31(3): 511-525 (In Persian).

2. Agrawala, S., M. Barlow, H. Cullen and B. Lyon. 2001. The drought and humanitarian crisis in
central and southwest Asia: A climate perspective. International Research Institute for Climate
Prediction, Columbia University in the city of New York.

3. Alaeimoghadam, S., M. Esmaeeli, A. Rajabi and H. Najafi. 2019. Effects of water deficit stress on
physiological and biochemical traits of sugar beet genotypes (Beta vulgaris L.). Journal of Sugar Beet,
34(2): 131-146 (In Persian).

4. Anjum, S.A., U. Ashraf, M. Tanveer, I. Khan, S. Hussain, B. Shahzad, A. Zohaib, F. Abbas, M.F.
Saleem, I. Ali and LC. Wang. 2017. Drought induced changes in growth, osmolyte accumulation and
antioxidant metabolism of three maize hybrids. Frontiers in plant science, 8: 69- 81.

5. Baghizadeh, A., S. Mohammadinejad and M. Rahimi. 2019. Evaluation of some biochemical
characteristics of some red bean ecotypes under drought stress conditions. Journal of Crop Breeding,
11(29): 55-64 (In Persian).

6. Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid determination of free proline for water-stress
studies. Plant and Soil, 39: 205-207.

7. Chotui, D.R. Karwowska, A. Ciszewska and M. Jasinska. 2008. Influence of lona-term drouaht stress
on osmolyte accumulation in sugar beet (Beta vulgaris L.) plants. Acta Physiologiae Plantarum, 30(5):
679-687.

8. Draycott, A.P. 2006. Sugar Beet. Formerly of Broom’s Barn Research Station. Bury St Edmunds,
Suffolk, UK.

9. Habibi, D., S. Oroojnia, D. Fatollah Taleghani, A. Pazoki and M. Davoodifard. 2013. Antioxidants
and vield evaluation of suagar beet genotypes under drought stress. Iranian Journal of Agronomy and
Plant Breeding, 8(4): 63-82 (In Persian).

10.Heath, R.L. and L. Packer. 1968. Photoperoxidation in isolated chloroplasts: I. Kinetics and
stoichiometry of fatty acid peroxidation. Archives of biochemistry and biophysics, 125(1): 189-98.

11.Jiang, M. and J. Zhang. 2001. Effect of abscisic acid on active oxygen species, antioxidative defence
system and oxidative damage in leaves of maize seedlings. Plant and Cell Physioloqgy, 42: 1265-1273.

12. Kamrava, S., N. Babaeian Jolodar and N. Bagheri. 2017. Evaluation of drought stress on chlorophyll
and proline traits in soybean genotypes. Journal of Crop Breeding, 9(23): 95-104 (In Persian).

13.Keyvan, S. 2010. The effects of drought stress on yield, relative water content, proline, soluble
carbohydrates and chlorophyll of bread wheat cultivars. Journal of Animal and Plant Sciences, 8(3):
1051-1060.

14.Lata, C., S. Jha, V. Dixit, N. Sreenivasulu and M. Prasad. 2011. Differential antioxidative responses to
dehydration-induced oxidative stress in core set of foxtail millet cultivars (Setaria italica L.).
Protoplasma, 248(4): 817-28.

15. Liang, X., L. Zhang, S.K. Natarajan and D.F. Becker. 2013. Proline mechanisms of stress survival.
Antioxidants and redox signaling, 19(9): 998-1011.

16. Lichtenthaler, H.K. 1987. [34] Chlorophylls and carotenoids: pigments of photosynthetic
biomembranes. Methods in enzymology, 148: 350-82.

17. Mansorifar, S., M. Shaban, M. Ghobadi and H. Sabaghpor. 2012. Physiological characteristics of
chickpea (Cicer arietinum L.) cultivars under drought stress and nitrogen fertilizer as starter. Iranian
Journal Pulses Research, 3(1): 53-66 (In Persian).

18. Meloni, D.A., M.A. Oliva, C.A. Martinez and J. Cambraia. 2003. Photosynthesis and activity of
superoxide dismutase, peroxidase and glutathione reductase in cotton under salt stress. Environmental
and Experimental Botany, 49: 69-76.

19. Moharramnejad, S.A., O. Sofalian, M. Valizadeh, A. Asahari, M.R. Shiri and M. Ashraf. 2019.
Response of maize to field drought stress: oxidative defence system, osmolytes, accumulation and
photosynthetic pigments. Pakistan Journal of Botany, 51(3): 799-807.

20. Monakhova, O.F. and I.I. Chernyadev. 2002. Protective role of kartolin-4 in wheat plants exposed to
soil drought. American Society for Microbiology Journals, 38: 373-380.

21. Moradshahi, A., E.A.B. Salehi and B.B. Khold. 2004. Some physiological responses of canola
(Brassica napus L.) to water deficit stress under laboratory conditions. Iranian Journal of Science and
Technology Transaction A- Science, 28(1): 43-50 (In Persian).

22.Nabi llkaee, M., P. Foroozesh, D. Habib, D. Fatollah Taleghani, A. Rajabi, S. Orooinia and M.
Davoodifard. 2012. Evaluation of biochemical traits of different sugar beet genotypes under drought
stress. Iranian Journal of Agronomy and Plant Breeding, 8(3): 87-99 (In Persian).



Syt domallius g 015 6 0l draw (295 Dge0re ¢ soul Mo

\Alg oS o5 cos (Beta VUlgaris L) 56 y3ss 5y sbewis] (B 3 obosdsn gloasls obj)

23.Nadali, 1., F. Paknejad, F. Moradi, M. Nasri and A. Pazooki. 2010. Effect of methanol application on
sugar beet (Beta Vulgaris) relative water content, chlorophyll content, and chlorophyll fluorescence
parameters under drought stress conditions. Iranian Journal of Field Crop Science, 41(4): 731-740 (In
Persian).

24.Rad, R.N., M.A. Kadir, H.Z. Jaafar and D.C. Gement. 2012. Physiological and biochemical
relationship under drought stress in wheat (Triticum aestivum). African Journal of
Biotechnology, 11(7): 1574-1578.

25. Saidi, M., M. Nouri, A. Motallebi Azar, J. panahandeh and D. zare haghi. 2020. Reaction of different
genotypes of tomato (Solanum Lycopersicum) to drought stress. Journal of Plant Process and
Function, 9(36): 64-77 (In Persian).

26.Shao, H.B., L.Y. Chu, C.A. Jaleel and C.X. Zhao. 2008. Water-deficit stress-induced anatomical
changes in higher plants. Comptes Rendus Biologies, 331(3): 215-225.

27.Velikova, V., I. Yordanov and A. Edreva. 2000. Oxidative stress and some antioxidant systems in acid
rain-treated bean plants: protective role of exogenous polyamines. Plant Science, 151(1): 59-66.

28. Yazdansepas, A. 2014. Breeding for resistance to abiotic stresses. Agricultural Research Education
and Extension Organization, Seed and Plant Improvement Institute, 300 pp (In Persian).

29.Yemm, E.W. and A. Willis. 1954. The estimation of carbohydrates in plant extracts by anthrone.
Biochemical Journal, 57(3): 508-14.



Journal of Crop Breeding VoI. 13, NO 39, AULUMN 2021 ......iuinitie et e e e e e e et e ene e 227

Evaluation of Biochemical Indices to Introduce Superior Genotypes of Sugar Beet
(Beta Vulgaris L.) under Water Deficit Stress

Milad Ghasemi', Mahmoud Toorchi?, Saeid Aharizad® and Abdolmajid Khorshid*

1- Ph.D. Student of Genetic & Plant Breeding, Faculty of Agriculture, University of Tabriz, Tabriz, Iran
2- Professor, Department, of Plant Breeding & Biotechnology, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran (Corresponding author: mtoorchi@tabrizu.ac.ir)
3- Professor, Department, of Plant Breeding & Biotechnology, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran
4- Assistant Professor, Agriculture and Natural Resources Research Center, Agricultural Research, Education and
Extension Organization (AREOO), Urmia, Iran
Received: June 18, 2021 Accepted: August 21, 2021

Abstract

Water deficit is one of the main problems in reducing agricultural production. Due to arid and
semi-arid climatic conditions, identifying genotypes tolerant to water deficit stress is of great
importance in Iran. In this regard, this study was conducted at the University of Tabriz in 2019
by investigating the effect of water deficit stress on ten sugar beet genotypes in split plots based
on randomized complete blocks design in three replications. The main factor consisted of two
irrigation levels (optimal and water deficit), and the sub-factor included ten sugar beet
genotypes. In this experiment, we planted sugar beet seeds in PVC tubes. The evaluated traits
included malondialdehyde, hydrogen peroxide, proline content, chlorophyll a and b,
carotenoids, and soluble sugars. Based on the analysis of variance, the effect of irrigation,
genotype, and irrigation interaction x genotype for all traits was significant at the probability
level of one percent. Water deficit stress reduced chlorophyll a, b, and carotenoid traits. Water
deficit stress also increases the properties of malondialdehyde, hydrogen peroxide, proline
content, and soluble sugars. The genotype of number five was identified as a tolerant genotype
based on malondialdehyde, hydrogen peroxide, and proline content indices. Based on
chlorophyll a, b, carotenoid, and soluble sugars indices, The genotype of number ten was
identified as a genotype tolerant to water deficit stress. Due to the tolerance of genotype No. 10
to salinity stress, chlorophyll indices and soluble sugars can be used to select genotypes tolerant
to water deficit stress.

Keywords: Chlorophyll, Hydrogen Peroxide, Malondialdehyde, Proline, PVC tube, Soluble
sugars, Tolerant



